Bread is one of basic human dietary items. Bread products commercially available usually contain fl our, water, yeast or sourdough, and numerous functional additives, among them inorganic chlorides (mainly NaCl), phosphates, and sulphates, modifying physicochemical properties of fi nal products to be attractive for consumers. Various kinds (whole-wheat, rye, and wheat rye) of Polish commercial breads were examined for contents of chlorides, phosphates, and sulphates by combination of water extraction and ion chromatography with conductometric detection. The evaluated amounts of the analytes corresponded to 0.58-1.06 g of chlorides (1-1.8 g NaCl), 100-300 mg of phosphates, and 10-130 mg of sulphates in 100 g (ca. two slices) of bread, which means that bread can be an important source of inorganic ions for humans, in particular in case of high consumption.
Bread is one of the most commonly consumed food products worldwide. Flour, water, yeast (Saccharomyces cerevisiae) or sourdough, and sodium chloride (salt) are the most signifi cant ingredients for breads being produced at our times (MONDAL & DATTA, 2008) . Commercial breads usually contain a variety of additives, e.g. emulsifi ers, anti-staling agents, sugar, malt, gums and hydrocolloids, enzymes, inorganic phosphates and sulphates, used during the production processes to obtain products of superior nutritional quality and attractive to consumers, in particular in fl avour, texture, colour, and shelf life (OHIMAIN, 2015) . Substrates used and baking conditions applied affect structural, physicochemical, and nutritive characteristics of fi nal products (DEWETTINCK et al., 2008; LOPES ALMEIDA et al., 2016) .
The amount of NaCl directly affects dough and bread properties (MILLER & HOSENEY, 2008; TUHUMURY et al., 2014) . Sodium chloride acts as preservative agent and stabilizer of yeast fermentation rate. It enhances the fl avour of the fi nal product and increases dough mixing time. Slowing down the growth of moulds by salt is also known. Confi rmed elevated intake of sodium chloride by consumers, approximately 8-11 g/day by European population, as compared with dietary needs (3-4 g/day in adults) (EFSA, 2005; LYNCH et al., 2009) requires monitoring of its sources in human diet. Bread products are responsible for about 20-25% of daily sodium chloride intake. The content of salt in breads from some European countries (Portugal, Spain, France, UK, and Turkey) ranged from 1.01% (UK) to 1.82% (Turkey) (mean values) within the period of 2006 -2009 (QUILEZ & SALAS-SALVADO, 2012 . A reduction of the amount of salt used for the preparation of home-made food and its content in industrial food products is recommended by health authorities worldwide (IOM, 2005;  * To whom correspondence should be addressed. Phone: +48 22 2345104; e-mail: mbal@ch.pw.edu.pl Acta Alimentaria 47, 2018 EFSA, 2005 HE & MACGREGOR, 2010; KLOSS et al., 2015) . Legal regulations on maximum limit of sodium chloride for bread products were introduced in some countries, e.g. 1.4 g NaCl per 100 g of bread in Portugal (PLACIDO et al., 2012) .
The amount of sodium chloride in breads can be evaluated through the quantifi cation of either chloride or sodium and converting their contents into the corresponding NaCl (PLACIDO et al., 2012; CAPUANO et al., 2013) . Potentiometric (ISE) method is most widely applied for the evaluation of chloride content in various food products. Atomic absorption spectrometry is commonly used for the determination of sodium. Signifi cant differences, however, were reported in calculated total amounts of NaCl when using the results obtained for chloride or sodium contents for various food products determined by those techniques. Ion chromatography offers the possibility of the isolation of the analyte signal from the other sample components, which results in substantially better selectivity as compared with the other techniques.
Phosphorus food additives are used to extend conservation, enhance colour or fl avour, and retain moisture in a large number of foodstuffs. In bakery industry, phosphorus additives are also used as leavening agents, fl uffi ng up the texture of fi nal products as a result of the reaction of phosphates with sodium bicarbonate and releasing of carbon dioxide. Phosphorus food additives permitted in the European Union include phosphoric acid (E 338) and inorganic phosphate, di-, tri-and polyphosphate salts (E 339-452) (EC, 2011; EFSA, 2013) . Added phosphates are almost completely (approaching 100%) absorbed in the intestine contrary to those of natural origin. The evaluation of phosphorus load from food additives is an urgent problem taking into consideration data on the increase in phosphorus intake, e.g. from 470 mg/day to 1000 mg/day within the period 1990s-2000s (American diet) (KARALIS & MURPHY- GUTEKUNST, 2006) . A high serum phosphate concentration has been considered a major risk factor of cardiovascular disease and mortality in general population, in particular in patients with chronic kidney disease (CKD) and those under dialysis (BENINI et al., 2011; D'ALESSANDRO et al., 2015) . Limited data on the content of inorganic phosphate anions in breads are available (RITZ et al., 2012; SHERIDAN, 2012) . For white and whole-wheat bread the amount of phosphate in the range of 50-200 mg in 100 g samples was found (RITZ et al., 2012) .
UV-vis spectrophotometry, based on the formation of phosphomolybdate or phosphomolybdenum blue, is most commonly used for the determination of orthophosphates in a large variety of food samples (MARCZENKO & BALCERZAK, 2007) . The necessity of careful optimization of experimental conditions that largely infl uence the formation of phosphomolybdate and interfering effects from As(V), Si, and Ge giving heteropolyacids, are disadvantages of spectrophotometric methods. The interest in the applications of other instrumental techniques of better selectivity and detection limits (DLs) for the detection of phosphates in complex materials is growing.
Bread fortifi cation with sulphate salts of some microelements, e.g. iron and zinc (AHMED et al., 2012) , is a source of sulphates for consumers. Adverse effects (osmotic diarrhoea) can occur in case of high intake of inorganic sulphates. Till now, no direct recommendations for inorganic sulphate, both adequate or a tolerable upper intake, were established due to still insuffi cient data. Gravimetric, turbidimetric, colorimetric, and ion chromatographic methods are of interest for determining sulphates in complex samples (KARMARKAR & TABATABAI, 2000) . Ion chromatography is best due to its higher selectivity and sensitivity compared to the other methods (WEISS, 2004; MICHALSKI, 2010) .
Materials and methods

Materials
Three different kinds of bread, wholemeal, rye, and wheat rye, each from four different producers, available on the local market, were examined.
Methods
Ion chromatography (IC) with conductometric detection was applied for simultaneous determination of the analytes in the aqueous extracts of the examined samples.
Instrumentations
The 883 The volume of a sample injection loop was 20 μl. The MagIC Net 2.3 (Metrohm) software was used for data acquisition and evaluation of chromatograms.
Chemicals and standards
Standard solutions of chloride, orthophosphate, sulphate, bromide, fl uoride, nitrate(III) and nitrate(V), and oxalate anions prepared from high purity sodium salts and oxalic acid (from Fluka) and containing 1000 ±4 mg l -1 of each anion, were used. Sodium carbonate (Na 2 CO 3 ) and sodium bicarbonate (NaHCO 3 ) from Fluka were used for the preparation of the eluent: 1.8 mmol l -1 Na 2 CO 3 + 1.7 mmol l -1 NaHCO 3 (pH 10.2).
Deionized water obtained from a Millipore Elix3/Simplicity system (resistivity 18.2 MΩ cm (25 ºC)) was used in all experiments.
Results and discussion
Calibration procedure
Four synthetic mixtures, containing the desired anions at concentrations in the ranges of 0.8-75.0 (Cl -), 0.8-50.0 (PO 4 3-) and 1.0-50.0 (SO 4 2-) mg l -1 , were used for the instrument calibration. Additional inorganic (F -, NO 2 -, NO 3 -, and Br -) and oxalate (C 2 O 4 2-) anions were introduced into calibration solutions, because their signals were simultaneously registered with those of analytes under chromatographic conditions used. Selective isolation of the signals of the analytes from the mixture with other ionic species that can occur in the examined complex samples is fundamental for their identifi cation and quantitation. Figure 1 
Analysis of bread samples
Chromatographic procedure described above was applied for the determination of chloride, phosphate, and sulphate ions extracted with water from the examined bread samples. The samples were taken from the exterior parts (without crusts) of two slices of bread preliminary homogenized. The samples of about 2-5 g were treated with 250 ml of deionized water for 15 min to extract chloride, phosphate, and sulphate ions. These ratio of extractant volume to sample mass and extraction time applied provided the highest recovery of the anions from the examined samples. A part of each sample was transferred into 50-ml Falcon tube and centrifuged (4000 r.p.m. for 15 min). The upper aqueous layer was fi ltered using 0.45-μm membrane fi lter and IC-RP cartridge (for removing of any soluble organic matrix components) before injection into the chromatographic column.
Three independent analyses were carried out for particular breads examined and triplicate analyses of each extracts were performed. Figure 2 shows the examples of chromatograms of the examined breads, wholewheat (wholemeal) ( Fig. 2A) , rye (Fig. 2B) , and wheat rye (Fig. 2C) . The evaluated contents of particular anions in the examined commercial breads are given in Table 1 . The accuracy of the procedure applied was evaluated by a standard addition method. Spike solution containing 2 mg Cl -, 2.5 mg PO 4 3-, and 5 mg SO 4 2ions was introduced into the examined sample prior to the extraction step. The recoveries of the anions were in the range of 96-99%.
Acta Alimentaria 47, 2018 Acta Alimentaria 47, 2018 The chloride contents in the examined breads were in the range of 5.8-10.6 mg g -1 with no signifi cant differences between commercial products. Such amounts correspond to about 1-1.8 g NaCl consumed with 100 g (ca. two slices) of bread. Higher amounts of soluble phosphates, in the range of 2-3 mg g -1 , were determined in wholemeal products compared with rye (0.75-1.4 mg g -1 ) and wheat rye (0.8-1.2 mg g -1 ) breads. Two slices of bread can be source of about 100-300 mg of phosphates consumed. The determined amounts of sulphate anions in the examined extracts were in the range of 0.1-1.3 mg g -1 (10-130 mg in 100 g portion) and do not signifi cantly differ in different breads. It can be stated that the amounts of particular anions that enter the human body can increase with higher bread consumption.
Conclusions
Bakery products are among the sources providing inorganic chlorides, phosphates, and sulphates in human diet as the result of their use as functional additives in the production process. The evaluated amounts of chlorides, phosphates, and sulphates in commercial Polish breads examined in this work corresponded to 1-1.8 g NaCl, 100-300 mg of phosphates, and 10-130 mg of sulphates in 100 g (ca. two slices of bread). Higher bread consumption results in higher amounts of particular anions entering the human body. Ion chromatography is an attractive method for direct and rapid simultaneous determination of inorganic ionic species extracted from the examined samples. * Financial support of the work by the Warsaw University of Technology is kindly acknowledged.
